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The Division of Condensed Matter Theory is actively engaged in
theoretical research on the cutting-edge topics in condensed matter
physics. Theoretical studies play a crucial role in condensed matter
physics: those studies at various levels extract new discoveries from
experimental results, and novel theoretical predictions also start as
well as boost experimental works. For achieving a breakthrough in
the condensed matter physics, the research based on novel ideas is
essential and indispensable, in addition to continuous research for
increasing the predictive power based on existing theories. This
division now consists of two groups and six other groups of concurrent
members. Together with other theoretical groups, the activity of this
division covers various theoretical studies from basic theory based on
analytical methods to large-scale state-of-art numerical computation
using supercomputers, and actively develops the theory for forefront
research subjects in the condensed matter physics. Discussions and
collaborations are also actively pursued with experimental groups
inside and outside ISSP.
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Transport phenomena in mesoscopic systems
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Electronic properties of interacting electron systems
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Fundamental theory of spintronics
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Non-equilibrium statistical mechanics
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Main panel: Temperature dependence of a spin current induced by spin pumping from a
ferromagnetic insulator to a superconductor. Inset: A schematic of a ferromagnetic insula-
tor/superconductor junction.

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/kato_group.html

We are conducting theoretical research on quantum transport properties
of nanoscale devices using various methods. In the research field that
is called mesoscopic systems for long time, there has been active
research focusing on the quantum mechanical properties of electrons.
In recent years, research has been advanced from new viewpoints such
as non-equilibrium many-body effects, non-equilibrium noise, strong
field driving phenomena, and spintronics. In response to these advances,
our laboratory is conducting a wide range of theoretical research
using non-equilibrium statistical mechanics, quantum field theory,
and many-body theory. Recent examples include adiabatic pumping
of nanoscale devices, spin transport at magnetic junctions, many-body
effects in thermal transport phenomena in superconducting circuits,
non-equilibrium transport properties of Kondo quantum dots, and high
harmonic generation in solids. In addition, we are conducting various
physical phenomena in condensed matter physics. The joint research
with the experiment groups in Institute for Solid State Physics is also
advanced.
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Upper panel: A superconducting circuit for realizing a superconducting qubit system

coupled to the subohmic bath. Lower panel: A numerical result for the microwave reflec-
tion loss as a function of the frequency. o is the dimensionless qubit-reservoir coupling.
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Electronic states and unconventional superconductivity in strongly
correlated systems with d- or f-electrons
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Statistical physics of frustrated systems
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Theory of novel phases in quantum magnets
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Nonequibrium dynamics of quantum systems
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Phase diagram of electric quadrupole orders in heavy-fermion systems with fcc structure.

Jand K are isotropic and anisotropic couplings, respectively, between nearest-neighbor
sites. £ is the energy unit corresponding to singlet excitation.
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Strongly correlated electron systems, particularly transition metal
compounds and rare-earth or actinide compounds are the main subjects
of our theoretical research. In these systems, strong electron-electron
interactions lead to a variety of interesting phenomena emerging at
low temperatures, such as various types of exotic magnetic orders,
unconventional superconductivity and density waves. We aim to
establish a unified theory for those complex properties and also predict
novel phenomena in those systems.

Targets of our recent study include novel types of quantum order and
quantum fluctuations in frustrated spin and strongly correlated electronic
systems with multiple degrees of freedom such as charge, spin, and
orbital. In these systems, many soft modes of fluctuations are coupled
to each other, and this affects the nature of quantum phase transitions,
as well as electronic states and dynamical properties including transport
phenomena. We also study nonequilibrium dynamics, particularly
systems periodically driven by an oscillating external field, and
investigate relaxation processes due to coupling with a reservoir.

X

BBDMRF zyox HBIcH S 2 BRLMFDZEFECE, LA FBMROIERY A b
BVTEEBFE— A FHVEERL TV S,

Spatial configuration of electric quadrupoles in the partially ordered zyox phase. Quadru-
pole moments vanish on the corner sites in the cubic unit cell.
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Entanglement among electronic orbitals and spins in specific crystal
structures has been extensively studied as the origins of various cross-
correlated and transport phenomena, optical responses, and hidden
electronic orderings. In particular, chiral materials are characterized by
combined electronic and lattice degrees of freedom through time-reversal
even pseudoscalar quantity, and they are expected to show parity
conversion between polar and axial physical quantities such as electric
polarization and spin moment. We have developed a methodology of a
symmetry-adapted multipole basis set in order to describe systematically
and intuitively complicated electronic degrees of freedom in specific
crystal structures and associated physical responses. By extending
the methodology to electron-lattice systems, we investigate essential
electron-phonon couplings in chiral materials, especially between chiral
phonon and spin degrees of freedom at a microscopic level. Based on
the essential couplings, we elucidate related cross-correlated phenomena
such as a conversion between phonon and spin degrees of freedom.
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